who had undergone laminoplasty with and without instrumented spinal fusion. Additionally, we analyzed the clinical features of patients with this complication to clarify the pathological mechanism.
Methods
The local ethics committee authorized this study. We collected from our departmental database all cases treated using laminoplasty with or without instrumented posterior cervical spine fusion in the period from 1998 to 2004.
In the clinical evaluation, the incidence of C-5 palsy after surgery and the subsequent recovery process were reviewed on patient charts. Clinical scores were assessed using the Japanese Orthopaedic Association (JOA) scoring system for cervical myelopathy 2 both pre-and postoperatively, and the postoperative recovery rate was calculated as follows: (postoperative JOA score -preoperative JOA score) × 100/(17 -preoperative JOA score). 6 In the radiological examination, the postoperative change in cervical kyphosis/lordosis was assessed according to the difference in the C2-7 angle in the neutral position. Range of motion (ROM) of the cervical spine was calculated using the change in the C2-7 angle from maximum flexion to extension positions. In the fusion group, the fusion level as well as the postoperative change in local kyphosis and spondylolisthesis was assessed on radiographs. Thereafter, comparative analysis was performed between the groups using these parameters. Moreover, CT was used to measure the width of the intervertebral foramen at C4-5 in the fusion group. The CT images were acquired in the intervertebral disc. The width of the C4-5 foramen was measured at its narrowest point.
In the analysis of potential factors influencing the occurrence of C-5 palsy, the prognostic predictive value was assessed using logistic regression analysis for the following parameters: postoperative change in the C2-7 angle in the neutral position, ROM in the cervical spine, and presence of high intensity areas in the cervical spinal cord on T2-weighted MR images.
In the statistical analysis to detect differences between groups, the Student t-test was performed using Excel (Microsoft Corp.), whereas chi-square analysis, Fisher exact test, and logistic regression analysis were performed using SPSS software (SPSS Inc.). A p value < 0.05 was considered to indicate significance.
Results
Fifty-eight consecutive patients who had undergone laminoplasty with or without instrumented posterior spinal fusion in the period from 1998 to 2004 were included in this study. Bilateral midsagittal-splitting open-door laminoplasty with or without lamina spacers 5, 16 was performed as an isolated procedure in 34 patients (no-fusion group), whereas laminoplasty without lamina spacers was supplemented with instrumented posterior spinal fusion using lateral mass screws in the remaining 24 patients (fusion group). In the no-fusion group, 28 patients underwent laminoplasty without lamina spacers; the procedure was switched to laminoplasty with the use of lamina spacers for 6 patients in the later study period. All patients in the fusion group received autogenous bone grafts using local bone. Regarding instrumentation in the fusion group, the Olerud rod system was used in 9 cases and the Axis plate system in 15 cases. No patient in either group underwent foraminotomy. Neither was electrophysiological monitoring performed in any of the patients. Preoperative diagnoses were cervical spondylotic myelopathy in 39 patients and cervical ossification of the posterior longitudinal ligament in 19. Concomitant posterior spinal fusion was performed when spondylolisthesis (more than 3 mm) or local kyphosis (more than 3°) was present. All patients were followed up for more than 1 year. There were no significant differences in the average age at surgery, average follow-up period, sex distribution, or diagnosis between the groups (Table 1) .
In the fusion group, the average JOA score before surgery was 8.6 ± 2.8. At the latest follow-up, the average score increased to 12.6 ± 3.1, and the recovery rate was 52.6%. In the no-fusion group, the average JOA score before surgery was 9.0 ± 2.4. The average score increased to 13.4 ± 2.0 at the latest follow-up, and the recovery rate was 56.5%. Although significant postoperative improve- ment in the clinical score was detected in both groups, there was no significant difference in the score at the final follow-up between the groups (Table 1) . Among the 24 patients in the fusion group, C-5 palsy developed in 6, while only 1 patient among the 34 in the no-fusion group had C-5 palsy, thus demonstrating a significant difference in the incidence between the groups (p < 0.05; Table 1 ). Of the 6 patients with C-5 palsy in the fusion group, 2 had OPLL and 4 had CSM, while 1 patient with C-5 palsy in the no-fusion group had OPLL. No significant relationship was demonstrated between preoperative diagnosis and the rate of C-5 palsy postoperatively. Muscle weakness according to the manual muscle test (MMT) was Grade 4 in 2 patients, Grade 3 in 3 patients, and Grade 2 in 2 patients. During the subsequent time course in the 7 patients with C-5 palsy, muscle strength was recovered to an MMT Grade 5 within a few weeks in 3 patients and in 3-6 months in 3 patients; the palsy remained even at 2 years after surgery in 1 patient.
In the radiological examination, the preoperative C2-7 lordosis angle in the fusion group was significantly less than the average value in the no-fusion group, while the average cervical lordosis was not different between the 2 groups after surgery ( Table 1 ). The average ROM in the cervical spine decreased after surgery in both groups, although no significant difference was detected between the groups.
In our analysis of factors influencing the postoperative occurrence of C-5 palsy, all 6 patients with C-5 palsy in the fusion group had undergone C4-5 spinal fusion (Table 2 ). In the fusion group, both local kyphosis and spondylolisthesis were significantly reduced after surgery (Table 3) .
In the fusion group, the width of the C4-5 intervertebral foramen in the C-5 palsy cases was significantly smaller on the paralyzed side than on the normal side or on the bilateral sides in the cases without C-5 palsy (Table 4) .
Logistic regression analysis for risk factors showed that cervical fusion was a predictive factor for C-5 palsy after the surgery (Table 5 ).
Discussion
Patients with cervical myelopathy who underwent laminoplasty with or without posterior instrumented spinal fusion were compared in the present study. There were no significant differences in surgical results, as the recovery rate of the JOA score demonstrated. However, more patients in the fusion group had significantly more severe C-5 palsy than those in the no-fusion group. Moreover, cervical fusion was a predictive factor for C-5 palsy according to logistic regression analysis. Thus, instrumented spinal fusion may be a risk factor for C-5 palsy. Several authors have hypothesized that complications involving the nerve roots may depend on tethering of the nerve roots and circulation around the cord after laminoplasty. 3, 15, 18 In the present study, as demonstrated by the C2-7 angle, the overall cervical alignment had more kyphosis in the fusion group than in the no-fusion group preoperatively, and local kyphosis and spondylolisthesis were reduced after surgery in the fusion group. Moreover, all patients in the fusion group who had C-5 palsy underwent spinal fusion at C4-5. The width of the C4-5 foramen was significantly narrower on the paralyzed side than on the normal side or, in cases without palsy, on the bilateral sides. This relationship between preoperative foraminal stenosis and the occurrence of postoperative C-5 palsy corresponds to documented results in recent papers. 8, 9, 13 Several authors have indicated that correction and fusion using instrumentation may cause iatrogenic intervertebral foraminal stenosis. 1, 7, 17 Based on results in the present study, the presence of preoperative foraminal stenosis as well as correction of kyphosis or spondylolisthesis at C4-5 after spinal fusion may contribute to C-5 palsy. Sasai et al. reported that the incidence of C-5 palsy in patients undergoing laminoplasty and foraminotomy was significantly lower than in patients undergoing laminoplasty alone. 15 Therefore, adequate correction of kyphosis combined with foraminotomy at C4-5 may prevent C-5 palsy if intervertebral foraminal stenosis is present. The change in ROM probably did not influence the incidence of C-5 palsy in the present study, because ROM decreased in both groups after surgery. Some authors have demonstrated that degeneration of the spinal cord is a risk factor for C-5 palsy; 2,4 however, degeneration of the spinal cord was not a predictive factor for C-5 palsy in the present study.
Limitations of the present study are as follows: the design was a retrospective case review, the number of included patients was small, and the follow-up period was short. Thus, the data were not robust enough to draw definite conclusions. 
Conclusions
In summary, the incidence of postoperative C-5 palsy in patients undergoing laminoplasty and spinal reduction and fusion was significantly higher than in patients undergoing laminoplasty without spinal fusion. Posterior reduction and fusion with instrumentation and preoperative foraminal stenosis may be risk factors for C-5 palsy. Adequate correction of kyphosis or foraminotomy may prevent iatrogenic intervertebral foraminal stenosis and C-5 palsy.
